Abstract. Radiation-associated colon cancer is a rare clinical entity. We herein describe the case of a patient with radiation-associated colon cancer who had undergone low anterior resection for rectal cancer following preoperative radiotherapy. Certain characteristics of radiation-associated colon cancer are highlighted. The patient was a 48-year-old man who had undergone low anterior resection for rectal cancer following preoperative radiotherapy at a total dose of 50 Gy, at the age of 29 years. When the patient presented at the University of Tokyo Hospital, 19 years after the surgery, he complained of severe anal pain and frequent defecation. Colonoscopy revealed two flat tumors in the sigmoid colon, located 10 cm to the oral side of the anastomosis site, which were diagnosed as well-differentiated adenocarcinomas. In addition, colonoscopy identified five flat polyps near the tumors, which were resected endoscopically. Computed tomography and magnetic resonance imaging revealed a mass in the sigmoid colon and no evidence of distant metastasis. Laparoscopic-assisted intersphincteric resection of the rectum and sigmoid colon with diverting ileostomy was performed. There were no specific postoperative complications and the patient was discharged from the hospital on the 20th postoperative day. On pathological examination, the resected rectum and sigmoid colon contained two separate tumors and six flat polyps. The two tumors were diagnosed as well-differentiated adenocarcinomas with invasion of the subserosa and submucosa, respectively. A total of 17 regional lymph nodes without metastasis were resected. The six flat polyps were diagnosed as tubular adenomas. We herein present a case of a radiation-associated colon cancer in a patient who had undergone low anterior resection for rectal cancer following preoperative radiotherapy 19 years prior. Colonoscopic surveillance of radiation-associated colon cancer may be indicated for rectal cancer patients treated with preoperative radiotherapy, particularly for those with long-standing radiation-induced colitis.
Introduction
Radiotherapy plays an important role in the treatment of several patients with pelvic malignancies, such as anorectal, urological and gynecological cancers (1) . Approximately 70% of cancer patients undergo radiotherapy for these malignancies to prolong disease-free survival and reduce local recurrence (2, 3) . However, radiotherapy may also lead to significant injury of the normal tissues in the radiation field. The gastrointestinal tract is a radiosensitive organ in the pelvis and often proves to be the major limiting factor when determining tolerance to radiation therapy (4) .
One of the long-term complications of radiotherapy for pelvic malignancies is the development of large bowel cancer (3, 5) . Although the exact incidence of this complication and the mechanisms of tumorigenesis have not been fully elucidated, a close association between radiation and the development of colorectal cancer (CRC) has been demonstrated (6, 7) . Post-irradiation cancer is currently termed radiation-associated cancer, as other predisposing factors, such as lymphedema, adjuvant chemotherapy and genetic abnormalities may be involved (8) .
As most radiation treatments are directed to the pelvis, the rectum is at particular risk of injury. The sigmoid colon is also a common site of involvement due to its fixed position at the pelvic brim, and is likely to receive a higher dose of radiation (9) . The occurrence of colon and anorectal cancer following pelvic irradiation has been reported, and the majority of the cases were encountered among women who had undergone previous radiation therapy for gynecological cancers, such as uterine cervical cancer (5, 6, 8, 10) . Although preoperative chemoradiotherapy (CRT) is currently the standard therapy for locally advanced rectal cancer (11) , little attention has been paid to the occurrence of colon cancer following CRT for rectal cancer. We herein describe a case of suspected radiation-associated sigmoid colon cancer following radiotherapy for locally advanced rectal cancer. KAZUHITO 
Radiation-associated colon cancer: A case report

Case report
A 48-year-old man presented at the University of Tokyo Hospital with severe anal pain and frequent defecation. The patient had undergone low anterior resection for rectal cancer following preoperative radiotherapy at a total dose of 50 Gy at the age of 29 years. Six years after surgery, contrast-enhanced computed tomography (CT) revealed a fistula between the sigmoid colon and presacral tissue, which subsequently recovered following conservative management. The patient had been followed up regularly without evidence of recurrence for 7 years, after which time he was lost to follow-up. On admission, the results of the general physical examination were normal. On colonoscopic examination, two flat tumors of the sigmoid colon were identified at a distance of 14 cm from the anal margin, whereas the anastomosis site was located at a distance of 4 cm from the anal margin ( Fig. 1 ). Biopsies from both lesions revealed well-differentiated adenocarcinomas. In addition, colonoscopy identified five flat polyps near the tumor site; these flat polyps were resected endoscopically and were diagnosed as tubular adenomas. Colonoscopic findings of radiation proctocolitis were not observed. A water-soluble contrast enema revealed an irregular stricture of the sigmoid colon extending from the tumor to the anastomosis (Fig. 2 ). CT and magnetic resonance imaging revealed a mass in the sigmoid colon with no evidence of distant metastasis (Fig. 3 ). Laparoscopic-assisted intersphincteric resection of the rectum and the sigmoid colon with diverting ileostomy was performed. There were no specific complications postoperatively and the patient was discharged from the hospital on the 20th postoperative day. On pathological examination, the resected rectum and sigmoid colon contained two separate tumors and six flat polyps ( Fig. 4A and B). The first tumor was located at 8 cm from the distal margin and measured 3.5x1.5 cm; the tumor was pathologically diagnosed as well-differentiated adenocarcinoma with invasion of the subserosa (Fig. 4C) . Another tumor was located near the first and measured 2.5x2.2 cm; this tumor was pathologically diagnosed as well-differentiated adenocarcinoma with invasion of the submucosa. In addition, 17 regional lymph nodes without metastasis were resected. Microsatellite instability (MSI) was not observed on genetic analysis; however, p53 overexpression was detected using immunohistochemical examination of the first tumor (Fig. 4D) . All six flat polyps were diagnosed as tubular adenomas. Pathological findings of radiation proctocolitis, such as submucosal fibrosis and hyalinization of the blood vessels, were not observed in the sigmoid colon surrounding the tumor.
Discussion
The clinicopathological characteristics of radiation-associated CRC are as follows: i) Prior history of radiation therapy and development of a malignancy in the radiation field; ii) clinically chronic radiation proctocolitis at the site of the subsequent tumor; iii) a long interval of ≥10 years between irradiation and the appearance of the malignancy; iv) histopathological evidence of intestinal radiation damage; and v) mucinous carcinoma as the most common type (5) . In the present case, all these characteristics, apart from histological findings of intestinal radiation damage and mucinous histology, were observed. Castro et al (5) reported that, in 12 of 26 tumors, there was no mucin production and, among the 26 cases, 4 exhibited no histological evidence of radiation damage.
Radiation proctocolitis has been reported in 5-11% of patients treated for gynecological cancers (12, 13) . Colonic strictures, erosions and fistulae are common sequelae of radiation therapy of the gastrointestinal tract, and may result in refractory pain, tenesmus and changes in bowel habits (4) . From these findings, such as the fistula of the sigmoid colon 6 years after surgery, colonic stricture and erosions, as well as the clinical symptoms, such as anal pain and frequent defecation, the suspicion of chronic radiation proctocolitis was raised in the present case.
Considering the macroscopic type, as compared to typical CRCs, radiation-associated CRCs often have a non-polypoid, diffusely infiltrating appearance rather than a polypoid or localized ulcerative appearance with a well-defined tumor margin (8) . In the present case, the two flat sigmoid tumors had a diffusely infiltrating appearance, without a well-defined tumor margin. Levitt et al (7) found synchronous multiple rectal cancers within the radiation fields in 2 of 5 patients with rectal cancer following pelvic irradiation, and hypothesized that radiation exerted a 'field effect' for carcinogenesis on the rectal mucosa. In the present case, the two flat tumors and 6 flat polyps were all observed in the resected specimens and, thus, the radiation field effect may be involved in our case. Therefore, based on the macroscopic findings and clinical characteristics of chronic radiation colitis, the two flat tumors in the present case were considered to be radiation-associated sigmoid colon cancer.
The histopathological characteristics of late radiation injury of the colorectum are characterized by severe vascular changes, such as subintimal fibrosis and hyaline sclerosis. The majority of the cases reported these findings in women with cervical cancer who received high-dose irradiation, with a dose ranging from 50 to 82 Gy (8, 10, 13) . None of these vascular changes were observed in the present case; thus, we consider our case to have received lower-dose irradiation compared with previously reported cases. The dose applied in our case was 50 Gy and was focused on the rectal cancer, which had already been resected. Of note, Palmer et al reported that patients who received low-dose irradiation for benign gynecological conditions had a higher rate (3.32%) of rectal cancer compared with those who had received high-dose irradiation (1.4%) for cervical cancer; they suggested that the relatively low irradiation dose exerted a growth-stimulating effect that the high dose did not.
However, similar to the present case, the minority of early-onset cases may be attributed to common hereditary CRC syndromes (14) . At present, two independent genetic pathways are known to be involved in colorectal carcinogenesis: One is the mutator phenotype pathway, which involves dysfunction of DNA mismatch repair machinery; tumors in this pathway frequently exhibit MSI (15) . The other pathway is multistep carcinogenesis, in which accumulation of mutations in the adenomatous polyposis coli, KRAS, p53 and DPC genes contributes to tumorigenesis (16) . In the present case, there was no detected hereditary tendency for malignancy, and there was no MSI, although the first flat tumor harbored a p53 mutation. Similar to the present case, Minami et al (17) reported that p53 protein overexpression was detected using immunohistochemistry in 7 of 9 patients with radiation-associated colon cancer; however, they found no definite correlation between the overexpression of p53 in radiation-associated and spontaneous colon cancers. This suggested that the occurrence of p53 gene mutations was not specific to the carcinogenesis of radiation-associated colon cancers compared with spontaneous colon cancers.
In the present case, the interval from radiation treatment to diagnosis of sigmoid colon cancer was 19 years. In the largest published series, the peak incidence of post-irradiation CRC was between 5 and 10 years after the completion of radiotherapy, while 1 carcinoma was diagnosed 45 years after irradiation (5) . However, the effect of the radiation dose on the interval period has not been investigated. It is therefore possible that higher doses of irradiation may be associated with an earlier incidence of CRC (7) . From these findings, the increased risk of CRC may start at 5 years and persist for >40 years after irradiation.
Clinically, the presenting symptoms of abnormal bowel movement, diarrhea and dyschezia are similar between radiation proctocolitis and radiation-associated colon cancer. Additionally, it is difficult to detect curable CRC using laboratory parameters. These factors may account for the delayed diagnosis and advanced stage of colon cancer at the time of detection (18, 19) . In the present case, colonoscopy was performed to diagnose the cause of the anal pain, and sigmoid colon cancer was detected incidentally. Therefore, there is a need for earlier detection of CRC that develops in the setting of proctocolitis following irradiation. Patients with radiation colitis involving frequent diarrhea, dyschezia and tenesmus, similar to the present case, require long-term surveillance to prevent the growth of radiation-associated cancer.
We herein present a case of a radiation-associated colon cancer in a patient who had undergone low anterior resection for rectal cancer following preoperative radiotherapy 19 years prior. The increased risk of CRC may start at 5 years and persist for >40 years after irradiation. For cases of chronic proctocolitis, such as colonic stricture, fistulae and abnormal bowel movement, long-term surveillance with a colonoscope should be considered after irradiation in patients undergoing previous pelvic radiotherapy.
